Background Many children with autism suffer from sleep problems that impact not only children's daytime behavior and cognitive development but also their parents' life and health. The current study explored how and to what extent sleep problems in children with autism spectrum disorder (ASD) impacted their parents' quality of life (QOL). Methods This study adopted a case-control study design. A total of 440 ASD children aged 4 to 10 years and 344 age-matched typically developing (TD) children were included in the study. The Children's Sleep Habits Questionnaire (CSHQ) was used to measure sleep problems in the enrolled children, and parental QOL was measured by the Short Form 36 Health Survey Questionnaire Version 2.0 (SF-36v2). Linear regression and pathway analysis were used to explore the impact of children's sleep problems on parental QOL. Results The linear
Autism spectrum disorder (ASD) is a life-long neurodevelopmental disorder characterized by impairments in social interactions and stereotyped behaviors and interests with a childhood onset [1] . According to the most recent epidemiological survey conducted in the US, the prevalence of ASD has increased to 1.68% [2] . Previous studies have indicated that some children with autism suffer from sleep problems [3] , and these problems are more common in children with ASD than in typically developing (TD) children [4, 5] . Parents have often reported that sleep-onset delay in children with ASD is one of the most concerning issues [6] . Other sleep problems, such as night waking and parasomnia, have also been frequently reported [7] . Sleep problems could be persistent in children with ASD and occur across different cognitive levels [6, 8] ; numerous studies have found that sleep disturbances can affect daytime behaviors as well as core symptoms of ASD [9] [10] [11] . In addition to impacting children, sleep problems may also impact parents' health and wellbeing. Studies have reported that sleep disorders can affect the daily lives of older adults and lead to multiple comorbidities [12] . The effects of sleep disorders on quality of life (QOL) have been analyzed in patients with many diseases [13] [14] [15] . However, only a few studies have explored the effects of sleep problems in children with ASD on their parents.
These limited studies indicated that sleep problems in children with ASD altered parental sleep quality [16] and caused increased stress in parents [17] .
Previous studies have used the QOL concept to evaluate the impact of pervasive developmental disorders, including ASD, and other disorders or diseases on patients or their families. QOL is defined by the World Health Organization as the concept of an individual's perception of their own status in life in relation to the culture and the system of values in which they live and in relation to their goals, standards and needs [18] . It is a multidimensional concept involving an individual's physical and mental health, social relationships, personal beliefs and other aspects of life [19] . QOL of parents could affect their capacity to provide care and promote the health of their children and might also lead to better outcomes for the whole family. QOL may be affected by specific factors. For example, in one of our previous studies, we indicated that QOL in parents with children with ASD worsened with increasingly severe social impairments, and the impact of the social impairments on maternal QOL was mediated by childcare burden [20] . A study in South Africa also showed that parents of children with ASD had a significantly lower QOL than parents of TD children [21] . Thus, the QOL of parents of normal and autistic children is different, and sleep problems may be a factor.
We conducted the current study to explore how and to what extent the sleep problems in children with ASD impact their parents' QOL. We hypothesized that the impact of sleep problems in children with ASD on their parents' QOL may be different from that of TD children, and sleep problems are independent of the social impairments associated with ASD.
Methods

Subjects
This study adopted a case-control study design. Clinical data and information were extracted from a larger dataset developed in our previous research project that was approved by the Human Ethics Committee of the Second Xiangya Hospital of Central province). The subjects in the control group were recruited from two kindergartens in Changsha. After obtaining written informed consent from the children's parents or their legal guardians, the children in the ASD group were independently diagnosed by two senior psychiatric doctors, according to DSM-IV-TR criteria for autistic disorder. The child's past illnesses were investigated, and children who had an organic disease of the nervous system or a psychiatric disorder, such as childhood schizophrenia or intellectual disability, were excluded from the study. Children with ASD with a chromosomal abnormality, such as Fragile X syndrome, and children with ASD and TD children whose parents had a disease were also excluded.
Subjects aged 4 to 10 years in the dataset were selected. The Social Responsiveness Scale (SRS) was used as a complementary diagnostic test in the study, and a total raw score of 56.5 was set as the cutoff score [22] . Subjects who scored above 56.5 in the control group and scored below 56.5 in the case group were excluded. Ultimately, a total of 440 children with ASD and 344 age-matched TD children were included in the study. All of the included subjects were Han Chinese. In the case group, 383 subjects were male and 57 were female; their mean age was 5.13±1.12 years. In the control group, 166 subjects were male and 178 were female; their mean age was 4.84±0.92 years.
Data collection and clinical assessment
The parents of the children were asked to complete a self-administered structured questionnaire that included family demographic information. The questionnaire also included some widely used scales to measure some clinical features of the enrolled children and parents.
Sleep problems
The Children's Sleep Habits Questionnaire (CSHQ) was used to measure the sleep problems in the subjects in both groups. The CSHQ is a parent-reported questionnaire that uses a 3-point Likert scale and provides a total score and eight subdomain scores on bedtime resistance, sleep-onset delay, sleep duration, sleep anxiety, night waking, parasomnia, sleep-disordered breathing and daytime sleepiness. A higher score indicated more sleep problems. Based on the original report, the total score cutoff was set at 41 [23] . However, some studies have indicated that a cutoff of 41 might overestimate sleep problems and suggested adopting the cutoff of 48 instead. Considering 48 as the cutoff value of the CSHQ can conservatively define sleep problems; thus, for the subsequent results, we considered a cutoff value of 48 [5] .
Parental quality of life
The Short Form 36 Health Survey Questionnaire Version 2.0 (SF-36v2) was adopted to measure parental QOL. The questionnaire categorizes QOL into 8 dimensions, including physical functioning, role-physical, pain, general health as energy/vitality, social functioning, role-emotional, and mental health. Two new comprehensive dimensions, the physical health summary (PCS) and mental health summary (MCS) scores, can be derived from the SF-36v2. A higher score on the SF-36v2 indicated better QOL. In the current study, we used a Chinese norm (Hong Kong) to provide the T scores for the SF-36v2[24], and the internal consistency and test-retest reliability of the Chinese form of the SF-36v2 is acceptable (coefficients 0.66 to 0.89).
Childcare burden
The Zarit Caregiver Burden Interview (ZBI) was used to measure childcare burden in the 
Social impairments in ASD
In addition to being used as a complementary diagnostic test, the SRS was also adopted to measure social impairments in the children with ASD. The SRS was developed to assess social behaviors in children [26] . The SRS is a parent-reported 65-item questionnaire that 
Statistical analysis
We used Student's t-test to compare the demographic characteristics, children's CSHQ scores, and parental SF-36v2 scores between groups. A chi-square test was used to compare the incidence of sleep problems between the ASD and TD children. To test the impact of children's sleep problems on their parents' QOL, two linear regression models were used. The first linear regression model adjusted for the child's age, parental age and childcare burdens as covariates and was separately conducted in the ASD and TD groups.
The second model adjusted SRS scores in the ASD group based on the first model to test whether sleep problems in children with ASD impacted parental QOL independent of social impairments. Additionally, if the second linear regression model found that the CSHQ scores had a significant effect on parental QOL, a pathway analysis would be conducted to explore the relationships among sleep problems, social impairments, childcare burden and parental QOL. As mentioned above, our previous study indicated that the social impairment associated with ASD affected parents' QOL due to the parental childcare burden. Considering that sleep problems in children can affect their social functioning [10] and increase the childcare burden on their parents [28], we hypothesized that sleep problems (CSHQ score) will exert direct impacts on parental QOL (SF-36v2 score), while social impairment (SRS score) and childcare burden (ZBI score) may act as mediators between parental QOL and sleep problems. An initial pathway recursive model was constructed based on our hypothesis and the findings of a previous study. The CSHQ score was characterized as an exogenous variable, and the SRS score, ZBI score and SF-36v2 score were characterized as endogenous variables.
All statistical analyses were conducted in IBM SPSS Statistics (Version 22.0) and IBM SPSS AMOS (Version 24.0). The significance level of all tests in the study was set at p<0.05 (two-tailed).
Results
Comparisons of demographic information
As shown in Table 1 , the comparisons of the demographic information of the enrolled trios showed that there was a statistically significant but minor difference in the child's mean age between the case and control groups (5.13±1.12 vs. 4.84±0.92, t=4.05, p<0.001).
The sex ratio of children in the ASD group was significantly different from that in the TD group (χ2=138.39, p<0.001). There was no difference in the mean age of the parents (p>0.05).
Comparisons of the SRS, ZBI and SF-36v2
Overall, the total raw SRS scores of the children with ASD were significantly higher than those of the TD children. The comparison of the ZBI showed that the fathers and mothers of children with ASD had a significantly higher ZBI score than the parents with TD children. The comparison of the SF-36v2 showed that both parents of children with ASD had a significantly lower SF-36v2 score than the parents of TD children in the PCS score and the MCS score. The details of comparisons of the SRS, ZBI and SF-36v2 scores are shown in Table 2 .
Comparisons of CSHQ
The mean CSHQ score of the children with ASD was 48.26±6.99 and that of the TD children was 46.99±6.71. The difference in the mean score between the two groups was significant (p=0.009). Details for each subdomain of the CSHQ are presented in Table 3 .
When the cutoff score of 48 was adopted, the incidence of sleep problems in the children with ASD was 44.5%, while the incidence was 34.0% in the TD children, and this difference reached a significant level (χ2=8.932, p=0.003)
Impact of children's sleep problems on parental QOL
The subjects were classified as good sleepers and poor sleepers based on the cutoff of 48 [5] . The parental SF-36v2 scores were compared between the good sleepers and poor sleepers ( Table 4 ). In the ASD group, the parents of the good sleepers had a significantly higher PCS score than the parents of the poor sleepers, but there was no significant difference in the MCS scores. In the TD group, the MCS scores of the parents of the good sleepers were significantly higher than those of the parents of the poor sleepers, while there was no significant difference in the PCS scores between the good and poor sleepers. Table 5 , the first linear regression model that adjusted for the child's age, parental age and childcare burden as covariates showed that the CSHQ total scores were negatively associated with the parental PCS scores (β=-3.029, p=0.003 for mothers; β=-3.889, p<0.001 for fathers) in the ASD group and negatively associated with maternal MCS scores (β=-2.831, p=0.005) in the TD group. The second linear regression model conducted in the ASD group showed that the CSHQ scores were still negatively associated with the parental PCS scores (β=-3.030, p=0.003 for mothers; β=-3.651, p<0.001 for fathers) after adjusting for the child's age, parental age, parental ZBI scores and SRS scores as covariates.
As shown in
Pathway analysis
The initial models and diagrams of the pathway analyses are shown in Figure 1 and Figure   2 . Associations among the sleep CSHQ score, SRS score, ZBI score and parental PCS score were explored (father and mother).
For the mothers of the children with ASD, the initial model showed that sleep problems directly affected maternal PCS (pathway coefficient=-0.141, p=0.003, after adjustment in the multivariate statistical analysis, p=0.018), and that sleep problems also had an indirect effect on maternal PCS with mediation by social impairment and childcare burden (bold line in figure 1 ). In other words, more sleep problems were correlated with more serious social impairments (pathway coefficient=0.161, p<0.001), which may have caused a heavier childcare burden (pathway coefficient=0.254, p<0.001), and the childcare burden would finally affect the maternal PCS (pathway coefficient= -0.163, p<0.001). The initial model was a just-identified model that presented an acceptable fit to the data (CFI = 1.000, NFI = 1.000, RMSEA = 0.114). After adjusting the pathway model by deleting the nonsignificant pathway, the model was overidentified, the remaining pathway remained significant, and the fit indices improved (χ2/df = 0.917, CFI = 1.000, NFI = 0.973, TLI=1.015, RMSEA = 0.000). 
Discussion
This case-control study explored the impact of sleep problems on children's parents. The main results of this study supported our hypothesis that sleep problems in children with problems of children in the ASD group may affect different aspects of parental QOL relative to those of TD children.
Here, we found that the incidence of sleep problems and the mean CSHQ scores were higher in the children with ASD than in the TD children, and these results were consistent with most previous studies [4, 5] . The reported incidence of sleep problems in children with ASD ranged from 40% to 80%[29], while it was approximately 25% in TD children [5, 23] . In our study, we used the CSHQ to examine the sleep quality of the enrolled subjects and adopted a cutoff score of 48 to define sleep problems. Reynolds et al [5] suggested that the original cutoff score of 41 might overidentify sleep problems in young children with ASD, so they used the cutoff score of 48, which was based on the score defining the top 25th percentile in the general population. In their study, the reported incidence of sleep problems was 46.9% in children with ASD and that result was very similar to ours.
The cause of the high incidence of sleep problems in children with ASD is not very clear.
Several studies have indicated that many neurobiological causes, such as brain wave organization and maturation differences, abnormal melatonin production, and dysregulation of arousal and sensory systems, could make children with ASD vulnerable to sleep problems [6] , which suggests that sleep problems may be an intrinsic feature of ASD.
Sleep problems will not only impact children's daytime behavior and cognitive development but also their parents' life and health. Studies examining the impact of sleep problems associated with ASD (or other neurodevelopmental disorders) on their parents are limited. In our study, we explored how and to what extent sleep problems in children with ASD impacted parental QOL. We found that sleep problems in children with ASD affected the physical health of the parents as a risk factor independent from the social impairments associated with ASD and the childcare burden of the parents. We assume that the relationship between children's sleep problems and parental physical health was accounted for by the long-term low quality of parental sleep. This is only a hypothesis, although some previous studies have made similar assumptions. Although we have not yet confirmed this hypothesis, future work will evaluate it in greater depth. Although our study did not examine the impact of children's sleep problems on parental sleep quality, previous studies have reported that sleep problems in children may cause more sleep difficulties in parents [20] . Our study also suggested that improving children's sleep quality may also improve parental QOL. Compared to social impairments associated with ASD, sleep problems are a pharmacologically treatable target symptom, and treatment or intervention goals for sleep may be easier to achieve than those for social impairments [30] . Therefore, additional studies on the effects of intervention or therapy for sleep problems in children with ASD are needed in the future.
On the other hand, our study found that sleep problems in children without ASD affected maternal mental health, which was different from the results in the parents of children with ASD, and this finding supported our hypothesis that the sleep problems of children with or without ASD may affect parental QOL in different ways. We assumed this difference may be because the parents of children with ASD paid more attention and spent more time coping with the children's social function deficits and daytime challenging behaviors, and the sleep problems may be relatively less prominent for them, while the parents of TD children may experience more stress from the sleep problems of their children.
Interestingly, our results indicated that sleep problems in TD children did not affect their father's PCS or MCS scores, and these results suggested a different child care pattern between mothers and fathers; perhaps, just as most mothers in China have often complained, fathers may be less involved in taking care of their children at night. This situation may be partly influenced by traditional Chinese culture, which has encouraged mothers to spend more time taking care of children in the family.
There are some limitations of our study. First, the sample size of this study is relatively small, which makes the statistical power not sufficient for testing the association between each subdomain score of the CSHQ and the parental QOL score. Second, in our linear regression model and pathway analysis, we did not consider whether the children with ASD were comorbid with attention-deficit/hyperactivity disorder (ADHD) or intellectual disability (ID), which may also be related to sleep problems in children. Finally, the SRS has a tendency to report anxiety; therefore, excluding TD individuals who report anxiety and ASD patients who report low anxiety risks results in losing valuable data and straying from research goals.
Conclusions
Our study explored the impact of sleep problems in children with or without ASD on parental QOL. The main findings of our study showed that sleep problems in children with or without ASD can affect parental QOL in different ways, and sleep problems in children with ASD could affect parental physical health as a risk factor independent from the social impairments associated with ASD and the childcare burden of the parents. The current study extends previous findings and suggests that improving children's sleep quality may also improve parental QOL. However, given some limitations of the study, more precise studies are still needed.
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